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要旨：空間を伝播する可聴帯域に限る音響信号によってディジタル情報を伝送する技術として、音
響情報秘匿技術と音響モデム技術、それらを合わせたハイブリッド技術を、空間伝搬音響情報伝送










Long-distance Aerial Acoustic Data Transmission Technology Using 
Audio Data Hiding and its Evaluation
Akira NISHIMURA＊
Abstract: Technologies for transmitting digital information using an aerial acoustic signal limited to an 
audible band are reviewed as a part of the aerial acoustic data transmission technology. They include an 
acoustic information hiding method, an acoustic modem, and a hybrid technique combining them. Although 
several technologies for aerial data transmission were developed, these technologies have not been evaluated 
quantitatively. Application of these technologies for languages and/or barrier-free speech by embedding the 
encoded data of the announcement to be transmitted into the audio signal and their proper evaluation 
method are proposed. The improved bilateral time-spread echo hiding method applied to the speech signals 
of an announcement is evaluated using the proposed computer simulation. The simulation considers various 
factors of disturbances induced by long-distance propagation, assuming the use of a voice evacuation and mass 
notification system. The results of the computer simulation show that the bit error rates between the 
embedded and the extracted information bits are satisfactory for applications for long-distance propagation.
Keywords: Audio information hiding, Voice evacuation and mass notification system, Bi-lateral time-spread 
echo hiding, Barrier free application, Speech signal
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試験［12］では、音圧レベル 39 dB 程度まで減衰した














〈下版〉研究論集22-2-xx_西村先生_CC18.indd   6 2019/03/04   17:53:11










































































































































































〈下版〉研究論集22-2-xx_西村先生_CC18.indd   8 2019/03/04   17:53:12
















た な 検 出 法 を 開 発 し た。 既 報［25］で は、

















































フレーム長（F） 16,384 samples 32,768 samples
PN系列長（L） 2,047 samples 2,047 samples
フレームあたりの秘匿量 ９bits ９bits
秘匿ビットレート 8.8 bps 4.4 bps
〈下版〉研究論集22-2-xx_西村先生_CC18.indd   9 2019/03/04   17:53:12
10 音響情報ハイディングを用いる長距離空間伝搬音響情報伝送技術とその評価／西村　明































〈下版〉研究論集22-2-xx_西村先生_CC18.indd   10 2019/03/04   17:53:12
東京情報大学研究論集  Vol. 22  No. 2  pp. 3-16（2019） 11


























































































































〈下版〉研究論集22-2-xx_西村先生_CC18.indd   12 2019/03/04   17:53:12



























































































































〈下版〉研究論集22-2-xx_西村先生_CC18.indd   14 2019/03/04   17:53:13





















［２］ Sakuma, H., Nakamura, K. and Ueha, S., “Study on 
influence of gas flow on acoustic communication over gas 
pipeline,” The Journal of the Acoustical Society of Japan, 
62（8），pp.580-586，（2006）
［３］ Stojanovic, M., “Recent Advances in Underwater 








［６］ Nakashima, Y., Tachibana, Y. and Babaguchi, N., 
“Watermarked movie soundtrack finds the position of 
the camcorder in a theater,” IEEE Transactions on 
Multimedia, 11（3），pp.443-454，（2009）
［７］ Nishimura, A., “Audio watermarking based on subband 
amplitude modulation,” Acoustical Science and 
Technology, 31（5），pp.328-336，（2010）
［８］ Nishimura, A., “Data hiding for speech sounds using 
sub-band amplitude modulation robust against 
reverberations and background noise,” in Proceedings of 
IEEE Internat ional  Conference on Intel l igent 




電子情報通信学会論文誌A, J93-A, 2，pp.91-99, 
（2010）
［10］ Nishimura, A., “Audio data hiding that is robust with 
respect to aerial transmission and speech codecs,” 
International Journal of Innovative Computing 
Information and Control, 6（3（B））, pp.1389-1400, 
（2010）
［11］ Lopes, C.V. and Aguiar, P.M.Q., “Acoustic modems for 
ubiquitous computing,” IEEE Pervasive Computing, 2
（3），pp.62-71，（2003）
［12］ Munekata, T., Yamaguchi,T., Handa, H., Nishimura, R. 
and Suzuki, R., “A portable acoustic caption decoder 
using IH technique for enhancing lives of the people who 
are deaf or hard-of-hearing-System configuration and 
robus tne s s  f o r  a i r bo rne  sound- ,” i n  Proc . o f 
IIHMSP2007，pp.406-409，（2007）
［13］ Nishimura, A., “Aerial acoustic modem that is suitable to 
decode using a CELP-based speech encoder,” Proc. of 
IIHMSP2010，pp.514-517，（2010）
［14］ Sonoda, K., Yoshioka, K. and Takizawa, O., “Information 
Hiding for Public Address Audio Signal using FH/FSK 
Spread-spectrum Scheme,” in Proc. of IIHMSP2007, 
pp.279-282，（2007）
［15］ Nishimura, A., “Encoding data by frequency modulation 
of a high-low siren emitted by an emergency vehicle,” in 
Proc. of IIHMSP2014，pp.225-259，（2014）
［16］ Matsuoka, H., Nakashima,Y. and T. Yoshimura, “Acoustic 
OFDM system and performance analysis,” IEICE 




［18］ Cho, K., Choi, J., Jin, Y.G. and Kim, N.S., “Quality 
enhancement  o f  audio  watermark ing  for  data 
transmission in aerial space based on segmental SNR 









［21］ Ko, B.-S., Nishimura,R. and Suzuki, Y. “Robust 
〈下版〉研究論集22-2-xx_西村先生_CC18.indd   15 2019/03/04   17:53:13
16 音響情報ハイディングを用いる長距離空間伝搬音響情報伝送技術とその評価／西村　明
watermarking based on time-spread echo method with 
subband decomposition,” IEICE Trans. Fundamentals, 
E87-A，pp.1647-1650，（2004）
［22］ Ko, B.-S., Nishimura,R. and Suzuki, Y. “Time-spread 
echo method for digital audio watermarking,” IEEE 
Trans. on Multimedia, 7，pp.212-221，（2005）
［23］ Chou, S.A. and Hsieh, S.F. , “An echo-hiding 
watermarking technique based on bilateral symmetric 
time spread kernel,” Proceedings of ICASSP 2006 III, 
pp.1100-1103，（2006）
［24］ Nishimura, A., “Simulation of long-distance aerial 
transmissions for robust audio data hiding,” Advances in 
Intelligent Information Hiding and Multimedia Signal 
Processing Part I, Springer Smart Innovation Systems 
and Technologies, 81，pp.361-369, Springer，（2017）
［25］ Nishimura, A., “Improvement and evaluation of time-
spread echo hiding technology for long-distance voice 
evacuation system,” Digital Forensics and Watermarking, 
10431，pp.391-405, Springer LNCS，（2017）
［26］ Schroeder, M.R., “Modulation transfer functions: 














［30］ Thiemann, J., Ito, N. and Vincent, E., “DEMAND: 
Diverse environments multichannel acoustic noise 
database,” http://parole.loria.fr/DEMAND/, （2013）
DOI: https://doi.org/10.5281/zenodo.1227121
［31］ Nishimura , A. , “Detect ion of  f requency-sca le 
modification using robust audio watermarking based on 
ampl i tude modulat ion,” Digi ta l- forens ics  and 
Watermarking : 14 th  Internat iona l  Workshop; 
IWDW2015 Revised Selected Papers, LNCS 9569，
pp. 299-311，（2016）
〈下版〉研究論集22-2-xx_西村先生_CC18.indd   16 2019/03/04   17:53:13
